Purpose -This paper examines the experience of the UK office market in embracing green buildings.
Introduction
There are global concerns about the carbon foot print of cities and buildings and the energy consumption of offices as principal workplaces represents a central element of this problem. It is part of a wider sustainability perspective that relates not just to the need for green buildings but also to how far and how the workers in these offices commute (Sayce et al, 2007) . A sustainable policy agenda has become almost universally accepted by governments and addressed by land use planning and policies promoting green buildings.
The latter has been seen in energy usage certification for buildings and higher green standards for new buildings in some countries. These measures have ramifications for the property market in terms of development, conversion of existing stock, investment and pricing. The impact is complex and there are question marks about the efficacy of these policies in terms of the pace of uptake of green offices and the conversion of the existing stock. This paper examines the experience of the UK office market in embracing green buildings to date.
The initial adoption of this green agenda by the real estate sector was slow. A major constraint was an apparent unwillingness to move from the longstanding status quo prime office specification with air conditioning and the perceived lack of market interest in green buildings (Guy, 1998) . While the process has accelerated in the last decade (Chegut et al 2014; Dixon et al, 2009; Jones, 2013) detailed information is not available. Green offices are relatively new in the history of city development but the recent rapid pace of green office development in the UK offers the prospect that they might ultimately assume a dominant position as prime office stock. On the other hand there is a distinction between new green building and gaining market acceptability, and this process of radical change is likely to be slower (Jones, 2009 (Jones, , 2013 . This paper sheds some light on these issues by examining the spatial development of green offices and their impact on local markets across cities in the UK.
It begins by looking at the concept of a green office and then examines the benefits and evolving attitudes towards these offices. This section also sets out the established perception of the expected process toward greening the office stock that is based on a local green premium stimulating development/refurbishment. The next section of this study describes the data used for this study. This is followed by an analysis of the spatial pattern of green buildings in the UK and then their impact on city office markets where there is a major concentration. The latter part of the paper examines the growth of green offices since 1990. It begins with national trends and then examines the evolution of green development in individual cities. The summary of findings and conclusions challenge the role of the green rent premium as a mechanism for the adoption of new green offices.
A green office
There are different definitions and classifications of green buildings around the world (Reed et al, 2009) . BREEAM (British Research Establishment Environmental Assessment Method) was the first green building accreditation scheme, beginning in the UK in 1990. Other schemes followed with BREEAM adapted in other parts of Europe, China and South America.
In North America LEED (Leadership in Environmental and Energy Design) is the primary scheme set up in 1994. Other notable examples are Green Star in Australia, HQE in France and GBTool in South Africa.
Buildings in these schemes receive credits for green features ranging over energy, health and wellbeing, water, waste, materials, transport, land use and ecology, and management. Sustainable transport scores are not based on travel usage but based on nearness to public transport, car parking spaces, bicycle friendliness, etc. Similarly energy consumption and environmental scores are estimated based on computer models and the building design. Criteria vary by national scheme and have changed over time reflecting developments in the state of the art of green technology (van de Wetering and Wyatt, 2010 ). This in turn has led to a range of questions about the interpretation and meaning of these classifications (Haapio and Viitaniemi, 2008; Olayonwa et al, 2012) . BREEAM is arguably the scheme with the highest standards (Reed et al, 2009) , and it has six benchmarks within its classification -'outstanding', 'excellent', 'very good', 'good' and down to 'pass' and 'unclassified'. Like all these schemes BREEAM is a voluntary badge but Energy Performance Certificates (EPCs) were introduced in the Europe Union for offices by the Energy Performance of Buildings Directive in 2008. An EPC demonstrates the current energy efficiency capability of an office and is legally required on completion, on sale or on letting or every ten years. EPCs are actually an estimate based on a building's characteristics and give a rating from A down to the lowest G. Looking to the future the Energy Act 2011 in the UK requires the government to introduce legislation which could make it unlawful to let commercial properties after April 2018 in the lowest two bands (Francis et al, 2013) . In addition large public offices have to display "Display Energy Certificates" (DECs) in Europe that give the actual energy consumption of the building. In 2008 it was announced that all new public buildings in the UK will be required to be 'zero carbon' by 2018 and private offices in the following year. There are parallel government initiatives in many developed countries and the real estate sector is being gradually 'encouraged' to go 'green'. Another way of looking at this is that these policies are needed to speed up the adoption of green buildings, not least by providing labels for identification in the market.
Dynamics of going green
Although the BREEAM scheme was introduced in 1990 initial take up by the real estate sector was minimal (Francis et al, 2013) . Despite growing interest in sustainability especially by the planning system it was in effect ignored by occupiers, agents, landlords or developers. A decade after the introduction of BREEAM the Sustainable Construction Task Group (2000) reported that while property market stakeholders generally concurred with the need for green buildings there was a feeling of powerlessness. This was characterised by Cadman's '(vicious) circle of blame' in which occupiers, developers, architects and investors all see the benefits of green buildings but attribute the lack of green buildings to the other real estate stakeholders' reluctance (RICS, 2008) .
A more likely explanation is a combination of a reluctance to change and market ignorance. These barriers are illustrated by an analysis by Holmes and Hudson (2000) of the letting of a new office block marketed in the late 1990s in Newcastle, a provincial city of the UK. The office had been rated as having the highest BREEAM certification yet the letting agents did not incorporate this information in the marketing material and the ultimate tenants of the office block did not factor it into their decision choices. This example probably exemplifies the state of market attitudes at the turn of the millennium. It illustrates a barrier to green offices is that the additional construction cost of the specification of green buildings is not mirrored by a market willingness to recognise their benefits by paying a rent premium.
Green labels are an essential prerequisite to establishing a market premium to justify new development but so is recognition of their importance. An EPC or a BREEAM rating signals to potential tenants the likely energy consumption. The problem is illustrated by the initial impact of EPCs. The 2010 annual occupiers' satisfaction survey by GVA Grimley (2010) found that 80% of respondents who had agreed a new lease within the last 12 months had not been told their EPC rating by their landlord. This is only limited evidence but it is indicative that at least until recently there has been only a very modest impact of green labelling on the UK office market. Why should tenants look for a green label?
There are a range of arguments for why occupiers would be prepared to seek out (and pay a higher rent for) a green office, often referred to as a 'green premium'. Potential motivations can be summarised as:
• Energy cost savings (as well as reduced waste and water usage)
• Improved working environment enhances productivity (Miller at al, 2009) • Green corporate image is enhanced by firms/government (agencies) demonstrating their commitment to corporate social responsibility (CSR) or who see use of green buildings as offsetting an otherwise negative image (Eichholtz et al, 2009 ).
The difficulty is that these benefits are either subject to conjecture or perception or difficult to quantify (Jones, 2013) . Nevertheless it is market perceptions on these issues that will drive change and the green agenda.
As noted earlier the last decade has seen an accelerated growth of green offices as documented in Dixon et al (2009) but the implications for the office market are yet to be fully chronicled. There is a clear difference between the existence of green offices and a market for green offices. It is the latter that will ultimately drive the expansion of green offices on a large scale by creating the viability of new development. The perceived industry wisdom is that the first stage of the office market going green would be the establishment of a local green submarket whereby such offices have a premium for occupation. This in turn means that the increased value will make the construction of such buildings with their additional costs viable (Chegut et al, 2014; . The implication is that this process will be gradual through the successful demonstration of the financial viability of development and an increased share of the local market for green buildings.
The long drawn out process is reinforced with the role of green refurbishment (possibly after sale) occurring as leases are ended. Thinking further ahead the greening of the office stock will only be complete when this submarket ultimately assumes a dominant position in the locality as prime office stock. The prospect involves not only extensive new development but also the slow emergence of obsolescence in the current non-green stock and re-development/ refurbishment. We refer to this process as the green premium development model. These short and long term dynamics centre on relative and absolute rent/capital values within an individual office centre, and so must be viewed within a framework of local markets rather than a national perspective. A key necessary condition for the creation or establishment of a (sub)market for green offices in an urban centre is sufficient scale in terms of number of transactions for both leases and purchases (Jones, 2009 ). The issue is reinforced by the difficulty of factoring in greenness into rental/capital values following RICS guidance the cornerstone of which is comparable evidence on transactions (Crosby, 2000) .
These questions provide the backdrop to this study that assesses the extent of (emerging) greenness within UK urban areas as a basis for testing the green premium development model.
Data and research method
The focus of the analysis is the spatial incidence of BREEAM offices. While BREEAM certification is tiered, ranging from pass to outstanding, it is assumed that offices in the least BREEAM rating are better in terms of sustainability than conventional buildings. The study undertakes a historic trend analysis of the development of these individual buildings focused on the UK cities or towns with a 'significant' presence of BREEAM certified office buildings. In this study, the terms "green" shall be used to describe any office that has achieved a level of BREEAM rating.
A major barrier to the analysis is the availability and accessibility to accurate, complete and reliable data on green offices. addresses data issues in relation to measurement of green building financial performance. The study investigates the potential sources of data that are relevant for commercial property researches in the UK. Four cardinal data elements of physical characteristics, financial performance, energy consumption and environmental performance are considered. It is found that while public organisations have the potential to provide large samples, it is difficult and cost ineffective to obtain and link these different databases. The study acknowledges that BREEAM dataset is not publicly available in the UK unlike the situation for green buildings in the US and similar developed property markets. Currently in the UK comprehensive information is not available on the actual number, type, design, age, year of certification and location of BREEAM certified office buildings .
There are two potential data sources on individual offices for this study, BREEAM and Another limitation of this dataset is that it excludes properties covered under data protection and client confidentiality. This means that the percentage of certified buildings in a locality cannot be identified with certainty from this source. Third, the information obtainable, which only includes building name and location, postcode, rating category and score, is not comprehensive enough for robust empirical analysis as it does not include property specific attributes. Given these limitations the BREEAM dataset of certified office buildings is not appropriate for this study. In fact there are wider issues concerning the BREEAM database. Given its status as the UK sustainability standard the confidentiality of BREEAM individual certifications undermines its purpose as a green label in the market place, and the promotion of a sustainable built environment.
The CoStar database has a wide remit offering market information on a subscription basis. It provides intelligence on all commercial properties in the UK covering a wide range of sectors such as offices, industrial, retail, land, mixed-use and hospitality. The CoStar database gives access to what can be described as the UK most comprehensive record of commercial real estate market activities compiled and independently verified by the largest property research team (CoStar Review, 2013 ). CoStar's proprietary data is sourced directly from property agents, investors and other relevant stakeholders. The precise coverage of the data is unclear but is almost certainly biased toward larger properties and markets. The data on individual properties is not always complete with in some instances missing variables. It will also not include purpose built public and private sector owner occupied offices. For our purposes these gaps do not pose any substantial threat to the validity of the analysis of green development and markets. Crucially the CoStar database enables the identification of properties based on city of location, submarket, postcode, rentable floor area, BREEAM or star rating among others.
From comparison of these two databases it is discovered that CoStar even reports higher number of certified buildings than the BREEAM data in some locations presumably due to the confidentiality clause mentioned above. CoStar also reports the year of construction and refurbishment of buildings and this is not readily available with BREEAM.
The study has chosen to be based solely on CoStar data as it enables from one source the analysis of green office growth within local markets incorporating the scale of rentable floor area for both the BREEAM certified and the uncertified office buildings.
A close examination of the 433 BREEAM certified offices in the CoStar database in March 2015 reveals that most of the properties are newly built and these are primarily properties constructed after 1998. For the certified properties that were developed before 1998, most of these have undergone refurbishment which may be adduced as the quest to upgrade them to required sustainability standards. Therefore, in determining the year that a building becomes green, the year of construction is adopted for those buildings that were built after 1998 and have not been refurbished while the year of refurbishment is adopted for the refurbished. Through this, the annual rentable building area is determined and used to generate cumulative figures which have been used to measure the growth of green office space. 
Spatial incidence of green offices

Share of green offices in local markets
A key prerequisite within the green premium development model is the position of green offices within their local markets in offering first a demonstration and then a measurement of adoption/transition to a new general norm. The green shares in relation to the overall office stock within the central business districts of British cities are presented in Table 3 .
The number of green offices in each central business district of provincial cities is on average in the low teens with an upper bound of 20 in Manchester. With the exception of London green buildings represent less than one in ten offices in city centres. However, the picture in terms of green office space is more significant. As much of the green space is new and in large office blocks it accounts for a greater share of the market than suggested by building numbers.
In fact green office space is more than a fifth of the market in London,
Manchester and Leeds, and almost a fifth in Bristol and Edinburgh (Table 3) . Reading is not included in the table but green office buildings in this locality amount to 783, 235 square feet, more than in Glasgow, Liverpool and Newcastle, and equivalent to 34.2% of total space in the city.
Growth of green office market
Earlier it was noted that there had been little interest shown in the building of green office buildings before the millennium. The growth of the UK green office market space is now examined over a 16-year period using annual data since 1999 with the national results presented in Table 4 and Table 5 .
Not all of this new green space had been generated from new build. As with an appraisal of the green premium development model, but first the analysis looks at a disaggregated city-region perspective.
Green office growth in London and provincial city-regions
Given the role of local markets in the underpinning of the green development premium model it is important to spatially decompose the national picture of the dramatic green office growth since 2005. It is useful to begin with London as the foregoing analysis identifies not only the city as distinctive from the other cities in terms of its early adoption of green space but it also represents a significant difference in scale. Green office growth in
London is shown in Figure 3 and exhibits a similar trend as that of the entire UK. London holds a significant share of the UK green office stock and so to a degree whatever happens half the current green space in city region. In the other provincial city-regions listed in Table   6 the scale of green office completion activity amounted to around a third of the cumulative space to date. In general green development, with the possible exception of Edinburgh, has subsequently fallen away in provincial city-regions but it has been a period of minimal development outside London (CBRE, 2015) .
An overview of the rapid expansion of green office space in individual city-regions through the last decade is given by 
Development trends and the green premium development model
From almost nowhere new green office space has moved from the margins of the market to the majority of new developments in the space of less than five years, at least in provincial cities. There has been a substantial rise not only in new development but also refurbishment. This surge coincides with the peak of development completions stimulated by the property boom of the last decade but also at that point when the market as it is suffering a downturn following the global financial crisis and capital values are plummeting with record levels of vacant space.
There are a range of alternative potential explanations. First, is that the rapid success can be explained by the acceleration of the dynamics of the green premium development model, and the sustainability message has convinced the market that green offices have not only become acceptable but there is an accepted rent/yield premium to developers/owners.
Second that (anticipated) green legislation has convinced investors that new properties need to meet more vigorous standards to avoid accelerated obsolescence in the medium term. Third, the technologies incorporated in the new generation of offices mean that green is now mainstream or that these offices can easily be adapted to become green. A final alternative explanation is that in a severe market downturn 'green' becomes a significant marketing edge. Each of these is evaluated in turn.
The green development model explanation requires the wide acceptance of evidence of a green yield premium stimulating an extremely rapid development response. This is unlikely simply because of the pace and scale of change, the fact that the number of new green developments in any year in a provincial city is very small, together with the time 
Summary and conclusions
There has been a dramatic rise in the green office 'market' but the BREEAM stock still represents only about 2.7% of buildings although just over 12% of the UK total office space. In comparison the London office market did not suffer to the same degree from the recession and green development is at record levels in 2014 with green penetration almost 30%. London represents the only potential locality where a green market could have been established so far. More generally the fundamental unresolved issues are can the leap in green office building that occurred as a result of the property boom be translated from a cyclical phenomenon to creating significant structural change in the office market, and if so how long will it take? Cumulative Annual
